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3

 

H e/4H e
 

ratios
 

of
 

m etha n e-ric h
 

n atural
 

gases
 

in
 

J ap a n

 

Y UJI
 

SAN0,1,*
 

TAKESHI
 

TOMlNAGA,1
 
Y UJI
 
N AKAM URA2

 
and

 
HIROSHI

 
W AKITA2

 

Deparim ent

 

of

 

Chemistry

 

I

 

and

 

La boratory

 

for

 

Earthquake

 

Chemistry,2

 

Faculty

 

of

 

Science,

 

University

 

of

 

Tokyo,

 

Hongo,

 

Bunky o-ku,

 

Toky o

 

1

 

13,

 

Japan

 

(R eceiVed

 

M ay

 

13,

 

1982:

 

A ccepted

 

Septem ber

 

7,

 

1982)

 

Measurem ents

 

of

 

3He/4He

 

and

 

20Ne/4He

 

ratios

 

in

 

12

 

CH~-rich

 

natural

 

gas

 

sam ples

 

were

 

made

 

with

 

a

 

magnetic

 

deflection

 

mass

 

spectrom eter

 

equipped

 

with

 

a

 

m etajlic

 

high -vacuum

 

purification

 

lin e.

 

In

 

order

 

to

 

check

 

the

 

resolving

 

power,

 

sensitivity

 

and

 

stability

 

of

 

the

 

m ass

 

spectrom eter,

 

atm ospheric

 

air

 

in

 

Tokyo

 

was

 

measured

 

repeatedly.

 

Th e

 

m ean

 

3He/4He

 

ratio

 

in

 

Tokyo

 

air

 

was

 

(1

 

.43

 

:!:

 

0.03)

 

X

 

10-6.

 

Cl~t-rich

 

gases

 

with

 

significantly

 

high

 

3He/4He

 

ratios

 

were

 

firrst

 

observed

 

in

 

this

 

study.  Th e
 
3He/4He

 
ratios

 
for

 
5  natural  gas  samples  collected

 
from
 
hot springs and mineral springs in inl and basins

 

were

 

as

 

high

 

as

 

(1.7

 

-

 

7.3)

 

X

 

I

 

O~ ,

 

probably

 

due

 

to

 

the

 

large

 

contribution

 

of

 

the

 

upper

 

m antle-derived

 

He.

 

In

 

comparison,

 

the

 

3He/4He

 

ratios

 

for

 

2

 

sam ples

 

from

 

water

 

wells

 

distributed

 

in

 

coastal

 

areas

 

facin g

 

the

 

Pacific

 

Ocean

 

and

 

5

 

sam ples

 

from

 

gas

 

fields

 

in

 

the

 

south ern

 

Kanto

 

district

 

were

 

as

 

low

 

as

 

-

 

10~7.

 

M ost

 

of

 

the

 

He

 

in

 

these

 

gases

 

is

 

inferred

 

to

 

be

 

radiogenic

 

and

 

of

 

cru stal

 

origin.

 

INTRODu cu oN

 

A fter

 

the

 

first

 

finding

 

of

 

isotope

 

3H e

 

with

 

a

 

cyclotron

 

by

 

A LVAREZ

 

and

 

CORHOG

 

(1939),

 

few

 

m easurem ents

 

of

 

3H e/4He

 

ratios

 

in

 

terres-

trial

 

sam ples

 

were

 

m ade.

 

In

 

1

 

948,

 

A u)RICH

 

and

 

NIER

 

reported

 

a

 

wide

 

variation

 

in

 

the

 

3H el

 

4H e

 

ratios

 

for

 

various

 

m inerals

 

using

 

a

 

newly

 

developed

 

m ass

 

spectrom eter.

 

CLARKE

 

et

 

al.

 

(

 

1

 

969)

 

found

 

a

 

great

 

enrichm ent

 

of

 

3H e

 

in

 

deep

 

Pacific

 

w ater,

 

relative

 

to

 

the

 

atm ospheric

 

3H e/

 

4H e

 

ratio.

 

They

 

concluded

 

that

 

the

 

excess

 

3H e

 

is

 

due

 

to

 

leakage

 

into

 

ocean

 

w ater

 

of

 

rem nants

 

of

 
the

 
earth's

 
prim ordial

 
3H e,
 
a

 
trapped

 
com ponent

 

of

 

solar

 

nebula

 

at

 

the

 

tim e

 

of

 

the

 

accretion

 

of

 

the

 

earth.

 

Sim ultaneously

 

M AM YRlN

 

et

 

al.

 

(

 

1969)

 

found

 

that

 

3H e/4H e

 

ratios

 

of

 

volcanic

 

gases

 

in

 

the

 

southern

 

K urile

 

Islands

 

are

 

clearly

 

higher

 

than

 

the

 

ratio

 

in

 

the

 

atm osphere.

 

T hey

 

also

 

considered

 

that

 

the

 

increm ent

 

w as

 

derived

 

from

 

deep-seated

 

m aterials.

 

Since

 

then

 

m ore

 

intensive

 

investigations

 

have

 

been

 

carried

 

out

 

all

 

over

 

the

 

w orld.

 

It

 

has

 

been

 

noticed

 

that

 

natural

 

gases

 

and

 

rock

 

sam ples

 

collected

 

in

 

the

 

sam e

 

tectonic

 

regions

 

show

 

quite

 

sim ilar

 

3H el4H e

 

ratios.

 

These

 

ratios

 

seem

 

to

 

be

 

correlated

 

with

 

such

 

geological

 

featu res

 

as

 

the

 

age

 

and

 

evolution

 

of

 

tectonic

 

activities

 

in

 

the

 

area.

 

Em ission

 

of

 

the

 

prim ordial

 

H e

 

is

 

com m only

 

found

 

in

 

Cenozoic

 

volcanic

 

areas.

 

The

 

3H e/4H e

 

ratios

 

of

 

rock

 

sam ples

 

obtained

 

fro m

 

th e

 

Mid~ ceanic

 

Ridge,

 

in cluding

 

the

 

M id-

A tlantic

 

Ridge

 

and

 

the

 

E ast

 

Pacific

 

Rise,

 

are

 

extrem ely

 

high

 

at

 

an

 

alm ost

 

constant

 

value

 

of

 

(1.3

 

:!:

 

0.2)

 

X

 

10-5.

 

This

 

value

 

is

 

defined

 

as

 

the

 

M O R-type

 

H e

 

(LUPTON

 

and

 

C RAIG,

 

1975).

 

The

 

3H e/4H e

 

ratios

 

in

 

hot

 

spot

 

regions

 

such

 

as

 

the

 

H aw aiian

 

islands

 

and

 

lceland

 

are

 

(2.0

 

-

 

5.0)

 

X

 

l0-5

 

(K ANEOKA

 

and

 

TAKAOKA,

 

1980)

 

and

 

are

 

apparently

 

higher

 

than

 

that

 

of

 

the

 

M O R-type

 

H e.

 

In

 

areas

 

along

 

subduction

 

zones

 

like

 

Japan

 

(N AGAO

 

et

 

al.,

 

1981)

 

and

 

K am chatka

 

(K AMEN-

SKIY

 

et

 

al.,

 

1971),

 

the

 

upper

 

lim it

 

of

 

the

 

3H el

 

4H e

 

ratios

 

is

 

1.1

 

X

 

10-5,

 

w hich

 

is

 

interp reted

 

to

 

be

 

produced

 

by

 

a

 

m ixing

 

of

 

the

 

M O R-type

 

H e

 

and

 

radiogenic

 

H e

 

in

 

the

 

cru stal

 

sedim ent

 

by

 

m otion

 

of

 

the

 

subducting

 

slab.

 

O n

 

the

 

other

 

hand,

 

3He/4H e

 

ratios

 

in

 

contin ental

 

sam ples

 

are
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